The aim of this study was to investigate if size 5 compared with size 4 ProSeal™ laryngeal mask airway (PLMA) in Asian men and size 4 compared with size 3 ProSeal™ laryngeal mask airway (PLMA) in Asian women, would give a better glottic seal. We conducted a randomized crossover study involving 30 male and 30 female patients of Asian origin. Size 4 and size 5 PLMA were studied in men and size 3 and size 4 PLMA were studied in women. The patients were anaesthetized and paralysed and the PLMA was inserted with the introducer. The oropharyngeal leak pressure (OLP), ease of insertion, anatomical position, mucosal injury, visibility of cuff in the mouth and volume of air required to achieve an intracuff pressure of 60 cmH 2 O were studied. In male patients, oropharyngeal leak pressure was higher when size 5 PLMA was used (P<0.001) and there was a higher incidence of mucosal injury (P=0.025). For female patients, oropharyngeal leak pressure was higher with size 4 PLMA (P=0.036) while the number of insertion attempts, anatomical position and mucosal injury were similar. The cuff was not visible in the oral cavity in any cases. The mean volume of air required to achieve an intracuff pressure of 60 cmH 2 O was less than the maximum recommended by the manufacturers. The size 5 PLMA in Asian men and size 4 PLMA in Asian women resulted in a more effective glottic seal. The use of size 5 PLMA in Asian men led to increased mucosal injury.
The ProSeal™ laryngeal mask airway (PLMA™, LMA Company, Cyprus) is a laryngeal mask device which has a modified cuff to improve the seal around the glottis and a drainage tube to provide a channel for regurgitated fluid and to allow gastric tube placement. There is evidence that using a gender-related formula (size 4 for females; size 5 for males), rather than the manufacturer's weight-based recommendations, results in a better seal around the glottis for both the re-usable laryngeal mask airway 1,2 and PLMA 3 . For the PLMA, the recommendations are : size 3 for 30-50 kg, size 4 for 50-70 kg and size 5 for 70-100 kg 4 . Due to cephalometric differences between Caucasians and Asians 5, 6 , results from studies done in the former may not be applicable to the Asian population.
The purpose of this randomized crossover study was to determine if the size 5 compared with the size 4 PLMA in Asian men and the size 4 compared with the size 3 PLMA in Asian women, would give a better glottic seal. The following parameters were studied: oropharyngeal leak pressure (OLP), ease of insertion (number of attempts), anatomical position (assessed fibreoptically), the volume of air required to achieve an intracuff pressure of 60 cmH 2 O, mucosal injury and visibility of cuff in the mouth.
METHODS
Thirty male and thirty female ASA 1-2 adult Asian patients, between 18 and 65 years of age, scheduled for elective surgery in the supine position were prospectively studied. Local Ethics Committee approval and written informed consent from all patients were obtained. Patients were excluded if they had respiratory tract disease, were at risk of aspiration, had known or predicted difficult airway or had a body mass index (BMI) of more than 30 kg/m 2 .
The patients were not premedicated. Anaesthesia was induced with fentanyl 1 µg/kg, propofol 2.5 mg/kg and midazolam 0.05 mg/kg. Muscle paralysis was attained with atracurium 0.5 mg/kg. Anaesthesia was maintained with isoflurane 1 to 2% in oxygen. Nitrous oxide was avoided until all the data were collected. In a randomized crossover fashion, male patients had a size 4 and size 5 PLMA inserted and female patients had a size 3 and size 4 PLMA inserted. The order was determined in a random fashion by the toss of a coin. The PLMA was prepared, inserted and fixed in place using the PLMA introducer tool, according to the manufacturer's instructions. The introducer tool is attached, and with a one-handed rotational technique, the PLMA is passed around the palatopharyngeal curve and the introducer tool removed 4 . After insertion, the volume of air required to achieve an intra-cuff pressure of 60 cmH 2 O was recorded by the use of a hand-held highvolume/low-pressure mechanical cuff inflator (Portex Ltd, Hythe, U.K.).
The number of attempts taken to insert the device was recorded. A maximum of two attempts was permitted with each size. A failed attempt was defined as removal of the device from the mouth. A successful placement was judged by normal thoraco-abdominal movement, a square wave capnograph trace and the lack of ejection of a small bolus of lubricant gel placed in the proximal end of the drain tube during manually assisted ventilation. Incorrect placement of the PLMA, where there is incomplete insertion or if the mask has entered the vestibule of the larynx, will result in gas leaking from the proximal end of the drain tube, resulting in expulsion of the lubricant gel 4 .
Oropharyngeal leak pressure was determined by closing the expiratory valve of the circle system at a fresh gas flow rate of 3 l.min -1 , and noting the airway pressure at which equilibrium was reached 7 . The inspired airway pressure was not allowed to exceed 40 cmH 2 O.
The position of the PLMA was scored fibreoptically using an established scoring system 8 : 4= only vocal cords visible; 3=vocal cords and posterior epiglottis; 2=vocal cords and anterior epiglottis; 1= vocal cords not seen. The mouth of the patient was then opened to check if the cuff was visible.
The first PLMA was then removed and the second PLMA inserted and assessed in a similar way to the first. Mucosal injury was defined as the presence of visible blood on the cuff of the first PLMA. In between insertions, the patients were ventilated with bag and mask, closely monitored and the oxygen saturation not allowed to fall below 95%.
Sample size for the crossover study was selected to detect a projected difference of 20% in oropharyngeal leak pressure for a type 1 error of 0.05 and a power of 0.9. The distribution of data was determined with Kolmogorov-Smirnov analysis. Paired samples t-test was used to compare the oropharyngeal leak pressure, McNemar test for mucosal injury and Wilcoxon signed rank test for number of attempts and the fibreoptic bronchoscopy score. Significance was taken as P<0.05.
RESULTS
The demographic data and racial makeup of the patients are presented in Table 1 . Oropharyngeal leak pressures, number of attempts, fibreoptic score, the volume of air required to achieve an intracuff pressure of 60 cmH 2 O and mucosal injury are presented in Table 2 . For male patients, the oropharyngeal leak pressure was higher with the size 5 PLMA™ (P<0.001) but the rate of mucosal injury was also higher (P=0.025). Anatomic position (P=0.10) was similar for both sizes. For female patients, the oropharyngeal leak pressure was higher for the size 4 PLMA (P=0.036), and the number of insertion attempts (P=0.41), anatomic position (P=1.0) and rate of mucosal injury (P=1.0) were similar for both sizes. In both male and female patients, the cuff of the PLMA was not visible in the oral cavity and the mean volume of air required to achieve an intracuff pressure of 60 cmH 2 O was less than the maximum volume recommended by manufacturers. Our study shows that the use of a larger sized PLMA will result in a better glottic seal in both Asian men (size 5 compared with size 4 PLMA) and women (size 4 compared with size 3 PLMA). It is likely that the increase in area provided for by a larger sized cuff resulted in a better glottic seal and thus a higher oropharyngeal leak pressure.
Our first time insertion rate was 83% and overall success rate was 97.5%, comparable with other studies done on the PLMA 9,10 . The first attempt insertion success rate reported by Evans and coworkers 9 was 81% while Brimacombe and coworkers 10 reported 82% and both reported an overall success rate of 98%. With a larger size, insertions can be more difficult and more traumatic 3 , but this did not occur when size 4 PLMA was used in our female patients. However, in our male patients, size 5 PLMA appeared more difficult to insert and resulted in a higher incidence of mucosal injury. When difficulty was encountered, it was because of lack of space to manoeuvre the PLMA in the oral cavity, resulting in the tongue being caught in the deeper bowl of the PLMA and impaction of the cuff at the back of the mouth. Our practice of using the PLMA introducer tool to aid insertion might have influenced our results. This difficulty of insertion might have been overcome if insertion using the gum-elastic bougie technique 11 was used, as it has been shown to overcome the problem of impaction of the PLMA at the back of the mouth. This technique involves placing a gum-elastic bougie into the drain tube of the PLMA and placing the distal end of the bougie into the oesophagus under direct laryngoscopy. The PLMA is then advanced around the palatopharyngeal curve using the index finger and the bougie is removed when the PLMA is in place.
Fibreoptically determined anatomical positioning of the PLMA was similar for both male and female patients. The majority of the patients had a score of 3 or 2, where the epiglottis could be seen. This was probably caused by the broader cuff catching the epiglottis during insertion and causing downfolding. This finding has also been reported in other studies 10, 12 . Despite the epiglottic downfolding, there were no problems encountered when ventilating our patients.
The maximum recommended volume of air for size 3, 4 and 5 PLMA are 20 ml, 30 ml and 40 ml respectively. Our study confirmed that the mean volume of air required to achieve an intra-cuff pressure of 60 cmH 2 O is usually much less than the maximum recommended. It was also much less than the mean (range) reported by Evans and colleagues 9 : 28 (14-45) ml for size 4 PLMA in females and 37 (18-63) ml for size 5 PLMA in males. This might suggest that Asians have a smaller hypopharyngeal space compared to Caucasians. Because of inter-individual differences in anatomy, it is recommended that a pressure gauge be used to determine the exact volume of air required, as maintaining an intracuff pressure of 60 cmH 2 O may reduce the incidence of pharyngeal morbidity 13, 14 .
Protrusion of the cuff into the oral cavity is an indication that the cuff size is too large and can potentially result in pharyngeal injury 15 . The PLMA cuff was not seen in the oropharynx in any of the cases. In a previous study, compared with the a reusable laryngeal mask airway, the cuff was more frequently seen in the oral cavity when a larger size was used 15 . We postulate that perhaps the PLMA sits better in the pharynx and together with its more flexible tube may thus be less likely to be displaced into the oropharynx.
There were some limitations in our study. First, our study was not powered to detect differences in secondary outcomes. We therefore are unable to conclude that size 5 PLMA was more difficult to insert, but can only highlight that it just failed to reach statistical significance. Second, as our study was conducted in paralysed patients, the results may not be applicable to unparalysed patients. Third, our patients were of Asian descent, thus the results might not be applicable to the Caucasian population. Finally, the introducer was used in all insertion attempts, thus the findings might not be applicable to other insertion methods.
In conclusion, the use of size 4 PLMA (compared to a size 3) resulted in a better glottic seal in Asian women. For Asian men, size 5 PLMA (compared to a size 4) gave a better glottic seal, but its use led to increased mucosal injury.
